Introduction
Eales' disease is an idiopathic obliterative vasculopathy that primarily affects the peripheral retina of young adult males [1] . Retinal changes are characterized by periphlebitis, peripheral non-perfusion and neovascularization [2, 3] . The natural history of Eales' disease is quite variable, with temporary or even permanent remission in some cases and relentless progression to blindness in others. Visual loss is characteristically caused by recurrent vitreous hemorrhage and their sequelae [4] . Autoimmunity to retinal antigens has been found to play an important role in the etiopathogenesis of this disease. An extraneous agent results in the exposure of normally sequestered uveitopathogenic antigens of the immune system,
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Eales' disease is distinctively characterized both by stage of inflammation as well as by stage of proliferation [7] . Hypoxia-induced expression of vascular endothelial growth factor is an important aspect of a variety of complicated processes in intraocular neovascularization [8] . Chemokines have also been found to play a role in intraocular neovascularization [9] . A cascade of multiple angiogenic cytokines induced by oxidative damage, associated with tissue hypoxia, may interact to promote sustained retinal neovascularization [10] .
Tumor necrosis factor (TNF) is a pleiotropic inflammatory cytokine. It is an acute-phase protein which initiates a cascade of cytokines and increases vascular permeability [11] .
TNF is primarily produced as a 212-amino-acidlong type II transmembrane protein arranged in stable homotrimers [12, 13] . From this membrane-integrated form, the soluble homotrimeric cytokine (sTNF) is released via proteolytic cleavage by the metalloprotease TNF-converting enzyme [14] . Dysregulation and overproduction of TNF have been implicated in a variety of human diseases [15] . TNF-R1 (p55 receptor) and TNF-R2 (p75 receptor) are the 2 receptors which bind to TNF. Upon contact with their ligand, TNF receptors (TNFRs) form trimers. This binding causes a conformational change to occur in the receptor [16, 17] . Activation of the mitogen-activated protein kinase pathways is involved in cell differentiation and proliferation, and is generally proapoptotic. Like all death domain-containing members of the TNFR superfamily, TNF-R1 is involved in cell death signaling [18] . The cytosolic domains of this receptor are unique in their ability to activate intracellular signals leading to apoptosis. The TNFR-associated factors are also involved in this process. The TNF-R1 cytosolic domains also recruit the family of intracellular proteins called 'TNFR-associated death domains'. Overexpression of TNFR-associated death domains results in cell death. An exhilarating aspect of the biology of TNF is its ability to both protect neurons as well as to initiate their selfdestruction [19] .
Interleukin-1 and TNF have a significant role to play in causation of retinal periphlebitis and neovascularization in Eales' disease [20] . Higher levels of TNF were observed in association with the increased severity of retinal periphlebitis [21] . High TNF-␣ -expressing genotype of the host can influence the occurrence and severity of outcome of Eales' disease [22] . In the present study, we evaluated TNF in the serum of patients with proliferative Eales' disease and studied its association with the area of retinal capillary non-perfusion (ischemic retina) on fluorescein angiography.
Patients and Methods
The study group consisted of 52 consecutive patients with proliferative Eales' disease, classified according to the new staging system of Eales' disease [6] [proliferative stage (stage 3a) characterized by retinal/disc neovascularization], presenting in the retina clinic of a tertiary care center over a period of 18 months. All the patients were males. Thirty-two healthy controls, all males, presenting for refraction in the outpatient department were included. They were not on any medication and did not show tuberculin skin test reactivity. Informed consent was obtained from all patients and controls before their inclusion in the study. Systemic disorders such as tuberculosis, diabetes mellitus, sickle cell hemoglobinopathy, blood dyscrasias, sarcoidosis and collagen vascular diseases were ruled out after proper history examination and investigations (chest X-ray, fasting and postprandial blood sugar, sickle cell preparation, hemoglobin, hematocrit, total red and white blood cell count, differential count, erythrocyte sedimentation rate, serum angiotensin-converting enzyme, and antinuclear antibody), respectively. A complete ophthalmological assessment (including Snellen's visual acuity assessment, slit lamp biomicroscopy and indirect ophthalmoscopy) of the patient was done at baseline.
All the patients underwent fluorescein angiography. Seven 50° photographs of different fields of the fundus were taken. Field 1 was centered on the optic disc, field 2 on the macula and field 3 temporal to the macula. Fields 4-7 were centered tangential to the horizontal lines passing through the upper and lower poles of the disc and to a vertical line passing through its center. The area of retinal capillary non-perfusion (ischemic nonfunctional retina) was defined as the retinal area not perfused by the fluorescein dye. The area of capillary non-perfusion was assessed in terms of disc areas. Patients were eligible for this study if they (1) had not undergone laser photocoagulation, (2) had not received oral steroids within the last 3 months, (3) had not been on any immunosuppressive therapy, and (4) were non-smokers and non-alcoholics.
Elisa kits for quantification of the levels of serum TNF were purchased from eBioscience (San Diego, Calif., USA). Five milliliters of venous blood was drawn in a disposable syringe. Blood samples were processed for isolation of serum by centrifugation under sterile conditions. Serum samples were kept at -80 ° C until used for the analysis. For the quantification of the levels of TNF in the serum samples of patients, sandwich ELISA was performed as per the protocol provided by the manufacturer.
Data were presented as the mean 8 SD. STATA 9.2 statistical software package (StataCorp, College Station, Tex., USA) was used to analyze the data. Two-tailed t test was used to test the level of significance between the 2 groups. Differences were considered significant if the p value was found to be ! 0.05.
Results
The mean age of the patients with proliferative Eales' disease was 28.1 8 3.9 years (proliferative stage). The mean age of the controls was 30.6 8 2.1 years. The patients and the controls did not differ in age (p 1 0.05). None of the patients or the controls had an undetectable level of TNF, and we were able to detect TNF in all samples tested.
Mean TNF levels were 23.64 8 3.7 and 12.49 8 2.9 pg/ml for cases and controls, respectively. TNF-␣ levels were found to be significantly increased in the serum samples of the cases with proliferative stage of Eales' disease as compared to controls (p ! 0.001). Neovascularization elsewhere (NVE; n = 19) and neovascularization on the disc (NVD; n = 33) were observed in cases with 1 20 disc areas and 1 60 disc areas of retinal capillary nonperfusion (ischemic non-functional retina), respectively ( fig. 1 , 2 ) . Comparatively higher levels of TNF were found to be associated with an increased area of retinal capillary non-perfusion. A TNF level of 20-31 pg/ml (mean 25.92 8 2.7) was observed in cases with NVD as compared to 18-21 pg/ml (mean 19.79 8 1.2) in NVE. The association between serum TNF levels and the area of retinal capillary non-perfusion is shown in figure 3 .
Discussion
Our study has highlighted that an increased level of TNF is related to cell death signaling in the retina.
Significant TNF expression, in serum, was observed during the proliferative stage of Eales' disease. As the disease progressed from the NVE to the NVD stage, an associated increase in TNF level was observed. In the disease process, increased levels of TNF were found to be associated with an increased area of capillary non-perfusion. Hence, the TNF level was observed to increase with increased retinal cell death as denoted by the area of capillary non-perfusion. It may be hypothesized that increased TNF led to increased retinal cell death signaling.
The association of retinal capillary non-perfusion with angiogenesis (NVE and NVD) is well recognized in Eales' disease. More than 20 disc areas and 60 disc areas of the ischemic retina have been found to be associated with NVE and NVD, respectively [23, 24] .
Our findings indicate that TNF-␣ may play a significant role in inducing cell death signaling during the proliferative stage of the disease. Intravitreal measurement of TNF-␣ was not possible due to ethical reasons. The serum TNF level has been found to correlate with the retinal level [25] . A biphasic elevation of TNF in the serum and an increase in the retina, both at the mRNA and the protein levels, within 24 h, has been observed in an experimental model of central retinal artery occlusion which triggers retinal ischemia and a subsequent inflammatory reaction [25] . TNF has been implicated as a mediator of apoptotic neuronal damage after ischemia. TNF has been found to play a largely deleterious role in ischemia-reperfusion injury in an in vivo model of retinal injury. Direct neutralization of this cytokine partially preserves the retinal function [26] . In an experimental mouse model of ischemic retinal neovascularization, TNF-␣ was found to participate in retinal neovascularization during postischemic inflammation through the induction of potent angiogenic factors in an autocrine or paracrine manner [27] . Patients with Eales' disease often express positive serology for tuberculosis. Differential serum cytokine levels are associated with cytokine gene polymorphisms in patients with active pulmonary tuberculosis [28] . However, none of our study subjects had tuberculosis.
Our data highlight that an elevated serum TNF level and thereby retinal TNF level [25] is significantly associated with cell death signaling causing retinal ischemia in proliferative Eales' disease.
